Amyloid precursor protein (APP) is a highly conserved integral membrane protein extensively expressed in various types of cells. Previously we found that overexpression of APP in patients with AML1/ETO-positive acute myeloid leukemia (AML) associated with a higher incidence of extramedullary infiltrationin and indicate a poor prognosis. In this study, we attempted to define the roles of APP in AML1/ETO-positive leukemia cells. Western blotting and qRT-PCR analysis showed that protein levels of APP are significantly higher in Kasumi-1, a t(8;21)/ AML1/ETO-positive M2-type AML cell line. Stable knockdown of APP by lentivirus-based RNA interference (RNAi) dramatically impaired colony-formation and migration ability of Kasumi-1 cells, whereas APP knockdown had very little effect on cell viability, apoptosis, cell cycle and differentiation. We further explored whether the pan-histone deacetylase inhibitor panobinostat could deplete the protein levels of APP in Kasumi-1 cells. Treatment with panobinostat caused depletion of APP in Kasumi-1 cells. These findings indicate that overexpression of APP is involved in promoting proliferation and migration of AML1/ETO-positive leukemia cells and can be inhibited by panobinostat, which provide an attractive prospect for treatment of AML1/ETO-positive AML.
Acute myeloid leukemia (AML) with t(8;21)(q22;q22) is a specific subtype, and is frequently associated with M2 subtype according to the French-American-British (FAB) classification. The t(8;21)(q22;q22) involves the AML1 gene on chromosome 21 and the ETO gene on chromosome 8 generating the AML1/ETO fusion gene. AML with AML1/ ETO-positive is generally considered as a favorable prognosis particularly with high-dose cytosine arabinoside (Ara-C) consolidation chemotherapy. However, the treatment outcomes are not satisfactory for a high relapse rate within one year about 30% or more [1] [2] . As for the assessment of prognosis of AML patients with AML1/ETO-positive, many other elements including additional chromosomal aberrations, individual genes mutations, and clinical course should be considered.
Amyloid precursor protein (APP) is a highly evolutionary conserved protein. The gene for human APP is on chromosome 21q21.3 and encode a type I integral membrane protein.
APP can participate in transmembrane signaling events due to its highly conserved extracellular and intracellular domains, which plays important roles in many physiological processes [3] [4] [5] [6] [7] . Many recent studies have indicated that APP is overexpressed commonly in solid tumors and mainly involved in promoting proliferation of tumor cells, including oral squamous cell carcinoma [8] , pancreatic cancer cells [9] , parathyroid tumor [10] , and breast cancer [11] . APP was also found significantly higher in AML with abnormal chromosome 21 compared to a control group of AML with normal cytogenetics using oligonucleotide arrays [12] . Our previous study found that overexpression of APP in patients with AML1/ETO-positive AML has a much higher incidence of extramedullary infiltration than that in low expression levels of APP [13] . However, the function of APP in AML1/ETOpositive leukemia cells remain elusive.
In this study, we examined the roles of APP in AML1/ ETO-positive leukemia cells via an RNA-interference (RNAi) lentivirus system in human AML-M2b cell line Kasumi-1 carrying AML1/ETO fusion gene. As for the important role of overexpression of APP in various of human malignancies, finding drugs that inhibiting expression levels of APP could have important implications for cancer therapy. The panhistone deaetylase inhibitors panobinostat (PS, also known as LBH589) is a novel HDACi that inhibits multiple HDAC classes, exerting potent anti-cancer effects in hematological malignancies [14] [15] [16] [17] , which aroused to be focused on deplete expression levels of APP.
Materials and methods
Cell culture and shRNA lentiviral transduction. Human AML cell lines HL60 and K562 were obtained from the Cell Bank of Chinese Academy of Sciences (Shanghai, China), and cultured in Roswell Park Memorial Institute (RMPI) 1640 medium, supplemented with 10% fatal bovine serum (FBS) (Gibco, Grand Island, New york, USA) and 1% penicillin/ streptomycin (100 μg/mL). AML-M2b cell line Kasumi-1, with characteristic t(8;21)(q22;q22) translocation and AML1/ ETO-positive, were maintained in 20% FBS and 1% penicillin/ streptomycin. All cells were incubated at 37°C in a humidified atmosphere containing 5% CO 2 saturation.
Real-time quantitative PCR. Total RNA was extracted using TRIzol reagent ((invitrogen, Carlsbad, CA, USA). Purified RNA was quantitated and synthesized to cDNAs using Prim-erScript RT Reagent Kit (TaKaRa, Kyoto, Japan) according to the manufacturer's protocol. Real-time quantitative PCR(qRT-PCR) was performed on 7500 FAST Real-Time PCR System (Applied Biosystems, Foster City, CA, USA) using SyBR Green Master Mix (TaKaRa, Kyoto, Japan) for APP. The forward and reverse primers of APP were 5'-TGGCCCTGGAGAACTA-CATC-3' and 5'-AATCACACGGAGGTGTGTCA-3' . β-actin was used normalize relative expression of the mRNA. Relative gene expression levels were analyzed using 2 -ΔCt or 2 -ΔΔCt method.
Western blotting. Proteins were prepared and quantified. Fifty micrograms of total protein were separated on 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to a polyvinylidene difluoride (PVDF) membrane. Proteins were probed overnight at 4°C with rabbit anti-APP monoclonal antibody used at 1:1,000 dilution (Santa Cruz, CA, USA) and rabbit anti-GAPDH monoclonal antibody used at 1:2000 dilution (Beyotime, Shanghai, China). Blots were detected with a chemiluminescent substrate enhanced chemiluminescent (ECL) kit (Millipore, Boston, Massachusetts, USA). Densitometry was performed using Image-Pro Plus 6.0 (Media Cybernetics, Rockville, Maryland, USA).
shRNA lentiviral transduction. The small interference RNA (siRNA) against APP was 5'-CATCTTTGACCGAAACGAA-3' , and the sequence of 5'-TTCTCCGAACGTGTCACGT-3' was set as negative control siRNA. The Short hairpin RNAs (shRNAs) designed directly from siRNA sequences, and then were packaged into lentivirus particles by Shanghai Genechem (Shanghai, China). After Kasumi-1 cells were transduced with APP shRNA (shAPP) or control non-silencing shRNA (shCon) lentivirus particles, green fluorescent protein (GFP) positive cells were separated by BD FACSAria III cell sorter (BD Biosciences, New Jersey, USA) and were incubated expendably.
Cell viability analysis. Endogenous APP knockdown on the viability of Kasumi-1 Cells was determined using Cell Counting Kit-8 (CCK-8) Dojindo, Kumamoto, Japan). Cells (5×10 4 cells /mL) were seeded into 96-well plates and incubated for 24, 48 and 72 hours, respectively. CCK-8 solution was added into the wells and incubated for 4 hours. Then, the optical density (OD) was quantified at 450 nm wavelength using a microplate reader (Bio-Rad 680, Hercules, CA, USA).
Colony-formation assay. The proliferation effect of APP gene knockdown on Kasumi-1 cells was assessed by colonyformation assay. Treated and untreated cells in logarithmic growth phase were collected and washed twice with 1640 medium, and approximately 5000 cells were plated in methylcellulose complete StemCult (Shanghai, China) and cultured for 14 days at 37°C in a humidified atmosphere containing 5% CO 2 saturation. Colony growth was observed and measured with an inverted microscope.
Assessment of cell apoptosis. The percentage of apoptotic cells was analyzed using the Annexin V-APC/propidium iodide (PI) Apoptosis Detection Kit (BD Biosciences, New Jersey, USA). For apoptosis assay, cells in logarithmic growth phase were collected and stained with annexin-V-APC (5 μL) for 30 min at 4°C, then washed once with 1×PBS and stained with PI (5 μL) for 20 min at room temperature. The flow cytometric analysis was performed using BD FACSCanto II flow cytometer (BD Biosciences, New Jersey, USA) for the detection of apoptotic cells.
Cell-cycle and differentiation analysis. Cells were harvested and washed twice with PBS and fixed in 75% cold ethanol at 4°C overnight. Fixed cells were washed twice with PBS and stained with PI at a final concentration of 50 μg/mL for 15 minutes at 37°C, and the ribonuclease A were added to degrade RNAs. Cell cycle was detected by flow cytometer with a 488 nm laser and analyzed with ModFit 3.0 (Verity Software House, USA). The percentage of differentiated cells was determined using CD11b-PE antibody(BD Biosciences, USA). For CD11b-PE staining, cells were harvested and resuspended in 100 μL of PBS, then 5 μL PE-conjugated anti-CD11b antibody was added and incubated at room temperature for 20 min. The percentage of CD11b-expression cells was determined by flow cytometry.
Transwell migration assay. Cell migration assay was performed in transwell chambers (Corning, Ny, USA) with 8 μm pore size polycarbonate filter. Kasumi-1 cells (3×10 5 cells/well) were seeded onto the upper chamber in 200 μl of RPMI 1640 suspended with 0.1% bovine serum albumin, and 500μl of RPMI 1640 supplemented with 20% FBS was added into the lower chamber. After incubated for 18 hours, migrated cells in the bottom medium were fixed with 4% paraformaldehyde and quantified after staining with hematoxylin.
Analysis of PS treatment on APP expression in Kasumi-1 cells. Kasumi-1 cells were seeded into 96-well plates with 5×10 3 in 100 μL complete medium per well. After treatment with PS (Selleck, Houston, Texas, USA) at different concentrations for different time points (24, 48, and 72 hours), CCK-8 reagent was used to analyze the cell survival rate of PS on Kasumi-1 cells. After designated treatments with PS for 48 hours, the expression levels of APP was analyzed by western blotting.
Effects of PS treatment on apoptosis and differentiation of Kasumi-1 cells. Kasumi-1 cells were cultured in six-well plates at a density of 5×10 5 cells per well and were exposed to PS at 10, 20 (IC 50 value) and 40 nM for 48 hours. Untreated or drug-treated cells were stained with Annexin V-FITC and PI (BD Biosciences, New Jersey, USA), and the percentage of apoptotic cells was analyzed by flow cytometry. After been treated with PS at 5 nM and 10 nM for 10 days, drug-treated and untreated Kasumi-1cells were collected and detected the percentage of differentiated cells with CD11b-FITC staining(BD Biosciences, USA) by flow cytometry. Besides, the cellular morphology were assessed by Wright staining.
Stastistical analysis. Statistical analyses were performed with SPSS 16.0 software. All results are presented as mean±SD from at least three independent experiments. The data were evaluated by one-way ANOVA. A P-value of less than 0.05 was considered to be statistically significant.
Results

APP is overexpressed in Kasumi-1 cells with AML1/ETO positive.
To investigate the function of APP in vitro, we evaluated APP expression levels in three AML cell lines, K562, HL60 and Kasumi-1. As shown in Figure 1A and B, the protein and 
Figure 2. Stable knockdown of APP in Kasumi-1 cells by lentivirus-based RNAi. (A) Quantification of mRNA expression levels relative to β-Actin was analyzed by qRT-PCR. The data shown are the mean ± SD of at least three independent experiments (***P<0.001 vs Con). (B) Protein levels of APP were analyzed by western blotting. GAPDH was used as a loading control.
mRNA expression levels of APP in Kasumi-1 was significantly higher than that in K562 and HL60 cell lines (P<0.001). As a result, Kaumi-1 cell line was used to explore the roles of APP in AML1/ETO-positive leukemia cells.
Lentivirus-mediated shRNA decreased APP expression in Kasumi-1 cells. We first decreased expression levels of APP using a lentiviral-based shRNA in Kasumi-1 cells. As shown in Figure 1C , compared to untreated cells (Con) and negative shRNA treated cells (Lv-shCon), the relative mRNA levels of APP were dramatically reduced in Lv-shAPP infected cells (P<0.001). No significant difference was observed between Con group and Lv-shCon group. Western blotting analysis also verified the obvious down-regulation of APP expression in Kasumi-1 cells at protein levels ( Figure 2B) .
APP knockdown markedly reduces clonal growth of Kasumi-1 cells. Next, we investigated the effect of APP knockdown on cell viability and clonal growth of Kasumi-1. As shown in Figure 3A , in comparison with untreated and Lv-shCon infected cells, depletion of APP gene decreased cell viability slightly. However, no statistical significance was found in these differences (P>0.05). Notably, APP knockdown dramatically reduced the rate of colony-formation of Kasumi-1 cells when compared with con group (28.30±2.37% vs 16.83±2.21%, P<0.01, Figure 3B ). APP knockdown mainly impairs migration ability of Kasumi-1 cells. We next determined the effect of APP knockdown on cell apoptosis, cell-cycle, differentiation and migration of Kasumi-1 cells. As shown in Figure 4A , B and C, When compared with Kasumi-1 cells in con and Lv-shCon groups, APP knockdown had little effect on cell apoptosis, cell-cycle distribution and cell differentiation(P>0.05). It was worth noting that APP knockdown dramatically impaired the ability of cell migration when compared with control group (P<0.01) ( Figure 4D ). Figure 5A showed that the suppressive effect of PS on Kasumi-1 cells was proved to be a concentration-and timedependent manner. The concentration of PS that induced inhibition in 50% of the treated cell population (IC50 value) was 20 nM. We next investigated the effect of PS treatment on expression of APP in Kasumi-1 cells. Inspiringly, we found that the protein levels of APP in Kasumi-1 cells was depleted after treatment with PS for 48 hours with increasing concentrations ( Figure 5B ). Furthermore, the total apoptosis rate was increased in Kasumi-1 cells treated with increased PS concentrations for 48 hours, especially those of late (annexin-V positive; PI positive) apoptotic cells. Meanwhile, the number of necrotic cells also significantly increased with treatment of PS at concentrations of 20 nM and 40 nM, which was expected since due to the cytotoxic effects of PS ( Figure 5C ). In addition, treatment with PS at relatively low concentrations of 5 nM and 10 nM for 10 days increased the percentage of CD11b-positive cells from 5.54% to 7.38% and 15.62%, respectively.
PS treatment depletes protein levels of APP and induces cell apoptosis and differentiation of Kasumi-1 cells
Discussion
In the present study, we demonstrated that APP knockdown in Kasumi-1 cells mainly impairs the ability of cell proliferation and migration rather than induces apoptosis, arrests cellcycles or induces cell differentiation. In addition, treatment with PS depleted the expression of APP in a dose-dependent manner at 48 hours, and a high concentration of PS promotes apoptosis of Kasumi-1 cell, whereas a low concentration of PS induces cell differentiation. These results suggest that increased expression of APP promotes proliferation and migration of Kasumi-1 cells, and PS is confirmed as an effective drug against AML1/ETO-positive leukemia cells by depleting expression levels of APP, promoting cell apoptosis and inducing cell differentiation. Recent work have identified that increased expression of APP is assumed to be a promoting factor for malignant tumors. In the human colon carcinoma cell line SW837, inhibition of APP expression using an antisense RNA strategy markedly suppresses proliferative potential and colonyforming efficiency compared with the mock-transfected clones in vitro [18] . A research of APP on prostate cancer indicated that APP promotes the growth of prostate cancer cells, and knockdown of APP in mice represses tumor growth [19] . Increased APP expression is also found in papillary thyroid carcinoma samples compared with adjacent non-tumor thyroid tissue by immunohistochemistry, and high APP scores is correlated with large tumor size, extracapsular invasion and lymph node metastasis [20] . Unlike solid tumors, APP is only overexpressed in bone marrow mononuclear cells samples of AML1/ETO-positive AML compared to non-malignant hematology [21] . Similarly, the APP expression is significantly higher in AML with abnormal chromosome 21 compared with normal cytogenetics using oligonucleotide arrays [12] . It seemed that increased APP expression is closely tied with t(8;21) translocation in leukemia. In this study, we found that APP knockdown dramatically impaired the ability of migration, while inhibiting cell proliferation very little. The results demonstrated that the role of APP in AML1/ETO-positive leukemia cells is mainly mediating cell migration, which is different from the roles of APP in solid tumor cells. A recent published research found that APP-overexpression LNCap prostate cell line exhibits enhanced migration in comparison to control cells, and several metalloproteinase genes, such as ADAM10 and ADAM17, are downregulated in siAPP-treated cells as compared with control cells by microarray analysis [22] . As a result, APP is closely related to promoting proliferation and migration of different tumor cells.
Overexpression of APP has been confirmed as a poor prognostic marker in several human malignancies, which may serve as a potential therapeutic target. However, the specific ligands to APP remain elusive, and antagonists of APP have not been reported. The gama-secretase inhibitors can reduce the generation of Aβ from APP, wherase do not decrease the full-length APP that acting as a membrane receptor. Additionally, the safety and feasibility of lentivirus-mediated RNAi method are still controversial. Therefore, finding drugs that can inhibit expression of APP may be feasible options for tumor therapy. In view of PS affecting multiple pathways and genes involved in apoptosis, cell cycle arrest and angiogenesis, its greatest potential is very likely to inhibit expression of APP. In this paper, our findings indicated that PS treatment effectively decreases the protein levels of APP in Kasumi-1 cells. In addition, a high concentration of PS mainly promotes apoptosis of Kasumi-1 cells, whereas a low concentration of PS induces cell differentiation.
In summary, our results demonstrated that APP is involved in promoting proliferation and migration of AML1/ ETO-positive leukemia cells. The vitro study on Kasumi-1 cells confirms that PS can deplete the expression of APP, induce cell apoptosis and differentiation, which provides a rational clinic protocol to treat patients with AML1/ETOpositive AML.
